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llxaemlliaeeae presently consist ,,l ;if >pr< l\ i Mial. I \ 7(1 genera and 1000 species. To inxcsllgale the 1 1 1 < • r I
< •

I

> 1 1 > I > of III

nil) and ihe generic relationships. «c sequenced the lm\. nitron and ihe /m 1.-/^1 1 1 itc t
u,- M ,, spaivr region <

loroplasl |)\ \ for 10.") Ia\a in I Ixacinlhneeae and Mi species of related families. H\ testing .hfleieiil oulgmn
npnsiliniis. we provide evidence for ihe nmnophxlx of the family il the Wlh American genera Ctimaxsiti an
liiiiifialiim. which arc more closelx related to \i;,ur and llosta. are e\chnled from I Ivaci.ilhaceae sensn Dahlgrei

u-ral generic lltipllea is cm l.e deduced the analysis, the most prominent one of which is the polx |)h\ letl

gin of the I innaean ueneia V illu. <hnilboii„hnn. and Ihurintbns. I.- 1 u < ia 1 1 \ meiuheis ol the genera Srilb'i an
ucirilhus are extensively intermixed with each oilier. According to the l)\\ sequence data, the only line Srilt

'< "'- are Inn, i,f ,,, Hi.- Mediterranean region and appeal a- a nioiiophv let ic chide. \ let lapartil ion ol the family nit

Ihe monolspie -uhl.nniK O/iioeohle.ie Speta. .„.,., ,„,„„, dal in- ihe Ninlh \niene.ni 1 1 x aci nl haceae: (2) ihe Mihl.mnl
lii.ieoidcae Spela. housing relatives of ihe s.|iiills: C) the subfamily < )i tuthogaloideae Speta. including ihe I m I >.

nilho-.ileae Koux ami Dipcadieae Koux: and ill the largest and iikM adxanced siibfamilx. Hvacinthoideae I. ml
isisting of Ihe trihe Masso.ucnc Hake, (including species Irom \fiiea south ..I the Sahara and from India) and th

dilerranean/\sian lube Ifvaeiiitheae Duniort.. i- proposed. I Vex lonslx included in I Ix aciiilha, eae -eii^n hahlgiei
\o.lh \merican genera ( MIoio^,!:,,,, and Cmiu^ui show alfn - lo vgaxaceac and huikiacene and appear a>

' origin of evolution oi the I Ix aeinlha, eae

For many systematic ihe bulbous plants repre- iheac. In his 1866 posthumously publish, .1 fragment

sent the very center ol Liliaceae (Groii<iuist, 1981). "The genera ol plants." Salisl.ury re-evaluated the

Therefore, it was a big surprise when Hahlgrenetal. Linnaean genera Ihucnlbus. Sulla, and Ornitho-

(1982. 1985) emphasized I li.it these bulbous [.hints »<ilum and i ,-ilisl r il .ill. .1 nli.-n new genera into the

are members ol two families, the Liliaceae seusu families f.iiomaeeae. I.uehenahaceae, Hyacintha-
strieto and the Hyacinthaeeae. which moreover be- ceae, and Ornithogalaeeae. Adopting a broader cir-

long to the different orders Ialiah- and \~pa.a- ales. euuiscriptiou of Liliaceae, Baker, who obviously

respectively. However, the process of arriving at this knew Salisbury's publication, refused to follow his

systematic decision was not straightforward: The first ideas although he used tribes tor his Liliaceae sensu

circumscription of an independent plant family My- lain. Hyacintheae and Seilleae were created in 1870,
acinthaceae by BatMht 178<») was not wid«lM.t.h/,,

1

followed l.\ Massonieae (1871) and Chlorogaleae

by the scientific- community. Batsch combined in this (187.?). Genera with floral fusion were placed in Hy-
family rather heterogeneous liliaceous plants pus- acintheae. whereas those with more or less free te-

sessing flowers with a fused perianth. Among the 17 pals were accommodated within Seilleae. Later, En-
genera included within Hyacinthaeeae sensu Batsch. gler (1887) would separate bulbous Liliaceae, for

only two (Hyacinthus, hiclwnalin) are considered as him central to the- family, into tribes Lilieae and Scil-

belonging to the present circumscription of this plant leae but considered these groups to be closely re-

family (Speta, 1998a, b). The genera Ornilbn^alum. lated. Bouim and Schizobusis were included within

Sctl/a, and Album Batsch placed within Mliae.ae. Kriospcrminac
I \sph,.deloideac \sphodeleae| bv

In 18.'Sc> familial status was reduced to tribal level Kngler. whereas \ Immnlnmii. Chlorogulum, and
by Kndlicher. who included species irrespective of Hemiphylacus were coalesced within Chlorogalinae

the degree of perianth fusion, Interestingly, he also with Camaxsia directly related to Scilla (Engler,

included the American genus Cuma.ssui in Hyacin- 1887). His student Schulze (1893) simi-

1 We are grateful lo M. W. Chase for supplying us with l)\ A of Forlutmlia bi/lom and to M. W. Chase and .A. V. Cox
<<" pcnuission lo use lll.il unpublished sequence dal. I ol ill.- ,. ill group species t,/,/,//s//,/ ,•/„/„„. I hspum/M.s p,m\l.
I'nhfinnulum Imol.rti. /»-„,»,,/„„,,/,,//„. /V/„n„„//,e, sp.. Euxtrphiis !„iij„l,„>. Ir,„,„ „imm monhmum. Mill,, mut-nitw,,.
Hesst-ra elvfums. Hmdbwa jolonrnsis. and Dirbrloslcmma publwlbtm included in our analysis. We ihank all l.nlanical
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lar!\ « m < tided that dislinc-ioris netween Tulipeae

and Scilleae were not mor pholngiea ll\ wat ranted. I'

was early tins eentun when Krils. Ii in C.ia/. together

>\ itil III - I'll. I». -Indents. m\. -tig; led Lll .)« r; * -ia:-n

Tulipeae and Scilleae (Fuchsig, 1911), but they also

lated within Asphodeleae (Bouvier, 1915). based mi

these results. lYltsch il"''^! proposed llie u ;':».^:u

llics rather ill, an keeping lln conservative concept of

a large and heterogeneous family Liliaeeae.

\ ii!!ire prolouild enulriUadon 1. il e . ,as-iji.-.ii , n

iii I lliaceae was provided h\ Schuarl anil s'udi uts in

Vienna (Schnarf, 1929; Wunderlieh, 1937: Sehmid.

I
');•><';; laiehrer. l"> \

1

)), ilili/iiij. mi ip.-rali\« etiibr-\

log I', ilding from them. Krause (193d , ,

Sriileae and I.ilie: « tribes ', -id.:': mill; ! slal is. Wan

derheti I I'MT) til-.)). 'i Vi i r;u. -.honed. :>a-ed on < inbe.

nlogi. al < lianielcrs. the retention nlohvioii-K different

leae in the same

laillll;.. with Scilloide; . hlllhei -1 nun
;

- embl snlog

lealK heterogenous. Two groups wen- distinguished

( I ;< an l> •<,;!>, _.,' / -„•<.!
t

i .u-i-tn _ . I „i in i
^

",'/i. - Unit,. U/.m.,". aid /',.s. ,'."', '.,>,' aid .>! I it III

endosperm and (2) a second group {Scilla. llvacui

tints, I -in;, /.s\,,/, (,>ii:i<»;:) with iiiImi end, -petit

and more \ai ;alioii ii: eiuhrvn -: diwlopu ml ha

ther, Sehmid (1931!) divided Scillniiieae on differences

in pi--| an: totrn and pi lien-lube leading : s-m I II

Vihnca. i.<il!>.»., ; . 2 \ ",,!. < ,;•> <i-s! ,. (I •."/',,.^,/.- <».

H\a< ,;<iU vs. I'',<s> I,! ,;:',!. l/.'/s. .//,: > 'l I <;!<!»,•<, ,,t \lh;

mia in her the-i- l
' nd I I

Imchni i I 1

(
.> I'd s i p. ported N-hmid".- -econd ui > ip em

hrvnlngn nli\. grouping ()i nitliognhim. Muse, m, and

Pttschlania. then .NW//« and Hvacnthus together. The

-i i'u-. >i < //. ./" >' /y-,""-,M,^ H d / v '.- . i' mi iin d

UlitVSoKed.

In contrast 'o alhci fan ill. -.. i l\ ;< mlha ;

e

proved to he karyologically variahle (as reviewed in

Speta, 1998b). Nevertheless, chromosome numbers

are usiialK constant al the genus level in llvaein-

strieto: x = 9; Muscari: x = 9; Bellevalia: x = 4

Albuca: x = 9). However, the occurrence of dys

ploid series _

pero: x = 4, 5, 6, 7; Barnardia: x = 8. (| //<•,.

tfe?//a: * = 9, 10, 11, 12; Stellarioides: x = 2, 3

4, 5, 6, 7, 8, 9; Schnarfia: * = 9, 10). Nevertheless.

Huber (1969) accepted Wunderlich's (1937) pro-

posal. iiidcpendenlK 'cognizing Scilloideae a-

famih 1 1\ a< inlhaceae. Species were divided ac-

'ordii:: to -i i .'iKirac lt-t> into ii il.es i :hl« i oga aa<

t /,'.«;. 'i.'.
/'"//, S, •'.,,.•./<.,,,•

, .ud |)i(.|<i|.|. //.'•

i' i. i « '%/Ni. and s
. il

leae. For tribe Scilleae, Huber (1969) noted CVi-

'/1///1 to be the basal genera.

Camassia was the most basal genus of the blue-

iloueiing giaiuf. and was los, |\ i, .
led I » !',!}, i\>,}

ion Dumort. [
= Hyacinthoides Medicus| and S, ill,,.

"

,
,'

i
i

" <•,/..,, were i loseK related to

\lll.l. \liodiel tihli -flow _ _l I.; II Il '« s //i

mil Muscari sensu lato with /

i ! 1/ . a/ . loselv i. I il. d to lhai -inthus. In con-

trast to blue-How ring N ll< a< . whii h all show af-

.-h other. S -ill.-. .• van! noil b i.. Hi wer-

several groups. Souk- showed distant

i. atini ship l>> : it. -How. ' itig ln.es like / .... •:,;;:,!,;}

and 1/,,'ssoo.'./ I'oi o'h. : -. laai (I >;>;::,, >;>m ^ En

conns, and l< /// Id In i dnj I.

posed. Close relationship was

ir; nr !»i lueen f)-,"i;,i ai .11 Cnihuna !)';>, ,::',• ind

'ton i,i. Ubura and Vrgineu (Huber.

1969).

Pollen features can be systematically valuable

but not for Hyacinthaceae. Therefore. Sehulze

(1980) was reluctant to recognize the family status

.1 ll\ai inthaceae based on pollen characters. II.

I>es Scilleae and Massonieae

sensu Huber but did not include Chlorogaleae and

Bowieae in Hyacinthaceae. Tribes Chi. galeae

and Bowieae were later included within \nlheii

caceae (Sehulze, 1982).

As reviewed here, traditional methodologies have

not resolved sul i|i- w illni 1 1 >

acinthaceae. Certain characters like perianth I. a-

a with its fused tepals was shown to be

closely related with generitype Scilla lufolm I...

which has mm. m less in, |. pd- ' .'. -..; »....».,•, a -

therefore syiion ymi/.ed under Scilla (Speta. MCI.

1976).

Splitting of the large Linnaean genus Hyacinthus

into a series of more homogeneous genera is now

widely accepted. Conversely, the distribution o|

species o| the I .liiiiaean genus Scilla int.. distinct

genera has not achieved a broad consensu- The

broad circumscription ot the genus Scilla h\ I in

na. n i ,531. a name that was previoiisb e\clu-

sivelv reserved for the squills. apparcnlK had an

adverse effect on the necessarv dissection of this

genus into more natural genera. ConseijiimilK. a

new name had to be found fm I he o lati.i

the s. [inlls. In fact, a whole squill subfamily (I r-

gineoideael is encapsulated within an ob\ioiisl\

h. ii i.i- ^ in. I an i <|iiall\ h< I. log.

neous genus Drunia (Jessop. 1977: Stcarn. l'C!'.:

Stedje, 1987). Only Jessop (1970) acknowledged an

i i ndm: i i
"

i bin \ti i< in/hi-



by molecular data (Stedje, 1998), whereas other

Scilhi sensu lato relationships remained untouched.

The Hyacinthaceae have been long reealeitrant

to a natural classification into subfamilies and

oies l r 1
1 « dllrc llighlv heterogeneous genera. S< ilia.

H\nrmlliiis. and ( h iiillh,^a/iiin, h\ I .iiin.uu-. Ft-

forts to find characters to discriminate al In-li.-t

hierarchical levels within Hyacinthaceae have re-

vealed the obsoleteness of most characters, which

otherwise have hen shown to he useful for clas-

sification in other families Characters useful at

higher laxoiiomn levels m olhei lanulies often re-

veal a high vanabililv among . loscb related spe-

cies within Hyacinthaceae. For example, the t\pe

of the embryo sac or endosperm can be variable

even within closeb related <pe, i.-s ,,| V/7/u sensu

stricto (Svoma, 1981) or Prospem (Ebert, 1993).

Likewise, chromosome numbers can be constant

within ecitaiii genera hut luglilv variable in other

genera, resulting m anciiploid series difficult to in-

terpret. Pollen grains <>l iuau\ genera in Hvaein-

phologics and are onlv ol limited laxonoimc value

(Schulze. 1980). Chromosome counts and morphol-

ogy have been phvlogoiielicalb useful at the spe-

cies level but higher-order taxa it-main problematic

(Spela. \')~'l). Impioveiiienl of eytological tech-

niques (chromosome banding, nuclear DNA

I but contributes little

Chei f tl i
ave been slur

useful to distinguish genera within Hyacinthaceae

and to group them at higher hierarchical levels. Car-

diac-active steroids or. ill in several genera. One

group, the bufadienolids. have been found onl\ in

spe. ies ( learlv related to C.harvbdis maritima (L.)

Spela (Krenn,' 1990, 1994) and thus delineate the

sublamilv I rgmeoideae. \ second group of cardiac-

active compounds, eaid.'iiolids. have been found in

several allies to Ornithogalum (subfamily Ornitho-

galoideae). However, investigation of species-

Oniithogaloideae is not ycl completed, and several

members lack these compounds. Il ear I be ex-

cluded therefore, that tin-, sublamilv mav still eon-

tain additional chaiaelci i>|i, compounds. Zalhin.i

dm saiiihlfiMar ibakerl Spela and Eliokarmos

thyrsoidfs (Jacq.) Raf. arc characterized b\ eholesian

steroids (Kubo et al., 1992a, b). Furthermore, most

species in Ornithogulum and allies exhibit protein

crystals in their nuclei, a feature absent from other

Ibacmlhaceae (Spela, unpublished). An unrelated

group of phenolic compounds (homoisoflavanolcs)

(Heller cv Tainm. M>8I | discriminate a third group

of genera (subfamily Hyacinthoideae) from Urginea-

and Ornithogalum-Mnwd laxa. Interest mg in this

respect arc serological investigations placing North

\meiicaii ('<nii(i\si,i neai \gavaceac (Cupov v\ Ku-

tjavina, 1981), although they alternatively could be

included in Ihaciutliaeeae due to eheiiioiax. -n- >rt.ii

and karvological features. An independent family

( 'amassi.ieeae. sister to Agavaccae and Hesperocal-

lidaecae. has even been proposed (Cupov. |0'l|).

When Fay and Chase (1996) circumscribed the new

family Themidaceae. I In -> also sc ( |uenceil the iIm\,

locus of a lew genera in Ihaciutliaeeae. \gain. <'.<i

masshi and Chlorogalum showed affinities to Aga-

At present the Hyacinthace;

proxmiatidv 1000 species distributed into roughly

70 genera (Spcta. 1998a, 1998b). To evaluate ge-

neric relationship- within the lamiK Hyacintha-

ceae. we sequenced the ///d , -nitron and the ml. i-

genic spacer (IGS) between the <mL-(UAA)-3'-exon

and luiV'H; \ \; chloioplasl gene, two UNA regions

where sequence divergence l- useful to resolve ge-

neric and siibgetierie relationships (Fangan et al..

1994; Stedje, 1998). In total, we sequenced 123

accessions comprising 105 species ami 5 I genera

of Hyacinthaceae, as well as lour accessions of

North \meiic.iii Ciimussid and Chlorogalum spe-

cies, and 14 selected oulgroup species hum the

lilioid families \gavaceac. \mai v llidaeeae. An-

thericaceae, Blandioidiacie. IWvanlhaceae, Fim-

kiac.-ae. Henienu allidaeeac I .omaiidiace ac arid

Nolinaceae. Furthermore, we included D\\ se-

quence dala from \2 published species of Hyacin-

thaceae, as well as unpublished sequences of 11

outgroup species, in our analv^s \\e interpret our

results with reference to well-established morpho-

logical and cytogenetic dala. From this phvloge-

lietie peispeclive. vv e discuss ill.' generic limita-

tions uilhiii Hvaciulhaeeae as well as the

monophylv of most genera as iceoimized b\ Spcta

(1998a, b).

within Materia . Mi in-

I VI MI-KIM

rid herbarium vouchers of

all plant materials are listed in \ppendi\ I. No-

menclature of taxa included in the study follows

that of Speta (1998a, b).

DNA was extracted from 5-50 mg of plant ma-

terial obtained either from fresh leaves <>. bulb

scales or from herbarium specimens (Whiteheadia

bnisis Muller-Doblies, Zagrosia persira

(Hausskn.) Speta ace. 1. Srilla el. biilguricii Speta.



and ( !;:•!:, ••>: micmnihti ! \. Rich. I Speta) lollnw-

. u.ti tli.' -nig!-' lull.- i-..laiii.n p'.rncnl ol Steiner et

al. (1995) with minor modifications. Lyophilized

and powdered mat, -rial was extracted with 400 u.1

ROSEbuffer (10 mMTris-HCl PH 8.0; 312.5 mM
EDTA, pH 8.0; 1%sodium lauryl sarkosyl; and 1%
pobvinxlpolvpynolidone! al

! >0 ( . lot 10 minutes.

After centrifugation, 10 u.1 of the supernatant were

diluted 100-fold with TE buffer pH 8.0 and stored

at 4°C. Two (xl of the diluted DNAwere used as a

template in a 50 u.1 PCR reaction.

Two noncoding regions of the ehloroplast genome

were sequenced. The lrn\jA AAi-intron and the in-

let'gerii. space) (ICSl between <!!) I .-( I A.A )-3 '-Ill-

Iron anil !;t,V-A', \ \) <;cin were amplified Inge'her

ngl, S nd 1

ers as published by Fangan et al. (1991 > ! t

mal < vcling proioeol compl isrd .'50 e\e|i'S of 10 sec

at 94°C, 10 sec at 45°C, and 20 sec at 72°C in a

TouchDown thermal cycler (HYBAID), operated in

tube-control mode. Amplil. Iran

DNA fragments were purified using the Wizard

|)\ \
f
M. fi lie alion s\sten; Iron: I'rotneg,;.

Purified PCR products were directly sequenced

on an A. L.F. automated s..|i iiccrll'ha i i, lin-

ing 5'-fluorescein-labeled nested primers (two

primers 5'-CTACGGACTTAATTGGATTGAGC-3'
and 5'-GGGGATAGAGGGACTTGAAC-3'for the

!ni\. -i til n in and two pritneis 5 '-( A ,'\"\ '<
'. A \< .

['< A .(
',

TCTATCCC-3' and 5'-AGGATTTTCAGTCCTCT-
GCTC-3' for the intergenie spacer) following the

cycle sequencing protocol ol the inuiiuhn 1 f •

'

(AutoCycle sequencing kit, Pharmacia), Both

ii i,iii I. and in ( is< s win ii im-

bign ild not he resolved by comparison with

the sequence of the complen land, a

tional PCR reactions were performed to generate

new templates for sequem uig. Ambiguities result-

ing I'roni compressiiius \m re resoKed b\ Using ll •

Tliei tiui Sef| icnas. Iluoresc ei i lahcl. d primei <•,.]<

sequencing kit with 7-deaza-dGTP (Amersham).

Sequel «•. matu pi ilafmiis and pl:\ logenetic ariab-

ses were perform n l
;

. I A 0OOA .")

400 server undei tin petal in svsiem I) ml i

V.4.0D. DNA sequences were prealigned by using

the I'ilel p prog n nt tin CCGsoftware !';;< Lag

(Genetics Computer Group. I '
>*

> 1 } . final alignment

ol D\ \ sc!|llences was done b\ eve. [sjtitlisli a i In

liot was di - • nale i a- tin iiitiu'nup n pre, log. netic

reconstructions using test version 4.0d64 of PAUP*
wri'leti b\ David L S\., fiord. I sing the gapcode

. i- subjected to

I' t) '| ites oi random sequem e additions us-

ing tree bisection-reconnection (TBR) branch-

swapping under the Fitch criterion (unordered

states and equal weights: Fitch, 1971). At each step

onl\ ten trees were permitted to be held to mini-

mize the time I In .
- < lor searching for

trees on sub-optimal islands.

Successive weighting was applied and new heu-

ristic searches were performed using the trees of

the previous analysis as starling trees until tree

rounds. KlIialK. 10.000 las! bnolslr.ip if els.-iis'ein.

PM55) replicates, as well as 10.000 replicates using

the jackknife algorithm, were performed to assess

ilidei I iitn i ii . i

|

ill v using the final

weigh; m'I from ,ui ces-.c, e weigh'ing. During all

anabses the maximum number of trees in motion

was limited to 10,000. Indels in the data matrix

were coded as Idili u lers. and tree

searches were performed using the nucleotide data

alone or together with the indel data. Tree manip-

»
i i - . in ' -i i- M i. < lad< v« rsion

3.00 (Maddison & Maddison, 1992).

The DNA sequence data consisting of the trnL

intron and the trnL-trnF intergenie spacer have

been deposih d m ||,<< I , M I >
«3 da' i ibiarv (accession

numbers, see Appendix L). \n a ligued I )\ \ matrix

is available via e|.-i Ironic mail irorn MP upon re-

quest (email: martiuC" geni.uni\ ic.acal i.

Hi -i

In total, the combined and aligned intron + IGS

sequences yielded 1297 characters with 1)2 par-

iln us. Tlurtv indels, which

mainlv consisted of simple 4-5-bp-long sequence

) align, were coded

The lengths of the

intron sequences varie
'

cleotides except tor f' I,

I
I mi b.) Spel e deletion in this

region and therefore only contains 273 nucleotides,

as well as the Anthericum and Leucocrinum se-

quences, which are likewise shorter (472^80 nt).

The lengths of the IGS sequences ranged from 342

to 408 nucleotides with the exception of Eustrephus

latt/olius 1 205 nt). Thysanotus virgatus Brittan (324



lissouri Botanical Garden

|2«K. !<>'> nl). U-.lon.^h.,,,
I

!()(. nil, l//>//c,/ nr/

5oreu N. E. Br. (247 nt), Whitehemlia etesionanu-

beruis Muller-Doblies (268 nil. Hyacinthella (271

nt), and Pfosseria Inthynicu (Boiss.) Speta (282 nt),

which again exhibit deletions in llns region, from

nucleotide position 433 to 480 within the intron, a

i i ililc AT-rich region occurred. « \ ««K irm

pn i n;il»l\ Inim .i di-tut. leolide miernsalellile. \

similar hvpoivat lable pol\-T iiiicrosatellile was also

l<> imd in the KrS region from nucleotid. posit

n

827 to 835. Since in hoth cases it was difficult to

find urn qun oe.d all;, ttm.-tils, and • ill f< r. nl .ilij.ni-

menls in these regions always resulted n ln-li

Cladii ilv - - .1 till" ! in;. I." .lid.

plus uidel data set yielded more than 10,000 equal-

ly parsimonious lues of I I I . > -steps with a CI ol

0.597 and RI of 0.862. Examination of approxi-

mately 50 randomly chosen trees revealed only mi-

nor differences in the placemen! nl closely trial-.

I

taxa among different trees. One of the most parsi-

monious tiers calculated from the combined nueh-

udel .lata -,,
t i- presented in figures I and

2. Percent

above each branch. Statistical support for branch-

ing information Using the jaekkinle procedure is

null. ate. I gi iplu '.:! \ In n.it k ng shotigU siippo::

ed clades (node score > 0.63) with closed circles

and moderately supported .lades (node score <
'' open circles. Phylogenetic

ata set but excluding iud.1

—tree topology with only mi-

in bootstrap values (data not shown).

d using distance matrix analysis

nalysis of the same d.

using neiglibor joining did not de

from parsimony analysis hut show

to misplace taxa with larger delel

quences (data no! shown).

The ingroup relationships of all species repre-

senting llsacinth aeeae analyzed in this study are

depicted in Figure 1, whereas the second part of

shown in figure 2. There is a strong boolslrap .up

port
I

100',-;
) lot the inono|.h\l\ of the family, if die

North American genera < an nd (

are excluded from Hvacinlhaeeae. but the mono-

typie South American genus Oziroe Raf. is includ-

ed. Monophyly of most genera is also supported b>

bootstrap values: Fe.ssia (76%), Prospero (87%),

tf) ''., (94%), SciUa (09%). Uuscan (07'/,).

lirllrrafia (100%). Ihunntlmidcs (00%)), Tractema

(06%). Onrostema (100%), Autonoe (100% |. Ik,

miopsis (84%c), Ornithogalum (53%), Alburn (72% ).

Dipcadi (98%>), Charybdis (<50%), Rhadunuinlhus

(92%), Oziroe (100%). No single most recent an-

cestor lot all analyzed species of the genera Lede-

/.,-.'/ /',/. l.iu-hc;ii>!m. Mniritbi. Eii ohnmi>s. CnhmiKi,

i .inn . an Ik found The re-

miii! i tiera are represented |t\ a siugl- spi-cies

-I m lh i nn il ! iliout the generic

delineations can be deduced from the sequence

data.

The classilicalion ol th<- Myacinthaceae into the

-ii.;
I an In - I l\ai nllt. . !. ae. I btniln - ilci 1. ae. I i

gineoideae, and O
i

. d on chemotax-

onomic characters according to Speta (1998a, b) is

also icfleeled in llie eladogram. The m Ivptc

South American subfamily Oziroeoideae Speta is

llie basal ^i oiij . i
100'

, , follow. .: b\ ihc I rgiiico-

ideae Spela I 100% I. a group ol species that con-

tains l.iifadictiolids. ihc Oriuthogaloideac Speta

(100%>), which are characterized by cardenolids

picst i I prod in . r\slals in lh. nu-

cleus, and the less strongly supported clade of Hy-

leiuthoi ic I id !."»(.
I i group ol spet les that

stances (homoisoflay anoles).

In addition l<> the classification m four subfam-

ilies, a further sp,
, u -s distri

lies Ihaeinlhoideae and ( )i titthoga loideae into

tribes is reflected in the eladogram. Within Hy-

acinthoideae two death separated 1. ranches ate

funned (Figs, f, 3). The basal branch combines all

Indian and Afri< I the Sahara and

coincides wilh the delineation of the tribe Masson-

ieae Baker (67%)). The second and more advanced

mimopli\lelie elade includes the Meditei raneail

and \siau genera
|

tribe I l\ac intheae Dumort.]

and is also supported by bootstrap values (78%)).

Sister to the Hyacinthoideae is the subfauuK <)r-

tntli.it iloidcae, which can be lurthei diuded into

the tribes Dipeadieae Rou\ and Orni iga i.

Rouy. However, the relationships are less pro-

noiiiici-d in the gene trees (figs. I. 4). The Dip-

eadieae comprise the genera

' u n mu\ app. at

paraphs leli. in the analysts, whereas the remain-

ing. inaiiiN Mediterranean genera belong to the

Iribi < >ri ilhog:d. ae Ii Soitll \fn. ai / linn tmiui,

which shows affinities to members ol (,.,

excluded from ( >i nithogaleae, monophyly in this

tribe is strongly supported (97%).

The most basal and isolated position in Hyacin-

theae is occupied by Barnardla, a genus with a

huge geographical distribution ranging from North



Volume 86, Number 4 Pfosser & Speta

Phylogenetics of Hyacinthacei

Africa to Japan (Fig. 1). The adjacent (lade with

!:•>!•' .:>,; (><• ,'.'< !'•!. I'i, ;>,»>,;. {,:•,<::>. .ml//.,

i lit mi i» ill meed < l.idi < mi

taining the Scilla and Hyacinthus alliances. Within
;

n i di\ ision into subgenus Samcm
(Salish I

-speta eansis'llig «! //.. Hal', a ( I . i IJnllim..

H. lingulata (Poir.) Rothm., and H. aristidis (Coss.)

Rothm. (94% I
and subgenus Ilvucinthoides con-

sisting of H. nonscripta (L.) Chouard ex Rothm., H.

"•'•,, ,.",-. ,< Mil 1

i I! >ilir i // ,'*..• ; •»., (II Ih i ii i-

& Link) Rothm., and H. reierchomi (Degen & Her-

vier) Speta (85% I is visible |F.g. :>.,. These two sub-

genera are char . ri/i
"

itl.-n-nces in (lower

ii:oi|»fi:ih.-\. -in a.-' I!.- -el - ,• of a ~le|lato or a cam-

panulalc perianth, respectively (Speta, 1987). Fur-

thermore, a w< II n p< 1 d 1 I h II

!'• ,„ .- /' w • ,, , f I ,., „ /' w //,,

c7iu.s, fV.ssta, and Zagrosia (95%) and a clade with

f
''•< „,<•,',,. V / ,.v, >'''.. ^ l,ii,: !; i )}•'„,,• /',

'

/mi//«. and .SW//-/ (81%) are resolved (Fig. 1).

Then' is no bootstrap support for a genus Chiono-

doxa. On the contrary, members of this obsolete

genus |.S. nana (J. A. & J. H. Schultes) Speta, S.

>

-
I

. -| i
-i . "-p. t il an mter-

f Scilla (Fig. 1).

WllMl,: M; • n-l.,1

Drimiopsis and Lrdebottriu is evident (100% boot-

strap support), as well as a relationship between

Ltchenalia and Polyxena (100%). However, both

lenalia are genera with huge

numbers of species, the examination of which still

can lead to further differentiation.

Sister to Hyacinthoideae is a clade combining

members of tin -nbfamil Onnlli
: i- I -

1). Basal in Ornithogaloideae are member i.l the

It ibe Dipcadieae, which accommodates mainly

South African genera (Galtonia, Albuca, Stellarioi-

des, Pseudogaltonia, Dipradi). Interestingly. C.nl

I I-. ,1 ill n toiips with S/e/

hirioides and Album (86% ). whereas (',. riridijlora

Verdoorn and G. princeps (Baker) Decne. are com-

bined in one clade with Zahaiiadia 1 08% I (Fig- ' >

basal in the tribe ( )r riithogaleae are African species

(/ lu>i,,uinn\\ lo| owed b\ i 1 it* Mi iii'eirarii ai get . r,

)/ id i ssw. whereas the remaining

Mediterranean species are (dearly separated (97%)

and occur at a more advanced position (e.g., Lon-

<<>••.<'.'. Ilor •> ns mil di. < ), r :\,,_ ,./„... ,,<'-'

{adun L. and affmes).

The next major clade contains species belonging

to the subfamily I rgiueoideae (Fig. 1). Clearly in-

cluded in Urgineoideae is the rather peculiar genus

Bowiea (100%). which lacks leaves as an adult

plant except for the bulb scales, and assimilates

energy b\ an intricately branched inflorescence. In

ill- siiblamilv the basal positions are again occu-

pied by genera from South Africa and Madagascar

(.' h , >lb, ilia I r

ginavia, Karoophlla). and are sister l<> a clade . oin-

Mediterranean genera Urginva and C.ba-

rybdis (100%).

Sister to all Old World Hyacinthaceae is the

South American subfamily Oziroeoideae, with the

only genus Ozimc \ Faihmalia Ma< hr.| ( I' ig. h

Clearly distinct from Hyacinthaceae are the

North \inerican bulbous genera Chlorogalum and

Camassia, which form a monophyletic clade (97%)

iFigs. 2. 5). Instead, these genera show affinities to

the North American family Agavaceae. the Fast

Asian Funkiaceae, and Anthericaceae. winch show

a worldwide distribution even in the narrow circum-

scription of Conran (1998a) but with major centers

of diversity in \f i ica. Southeast \sia. and (
'.enlral

and South America. Between this < <: .

Camassia .lade and Hyaeinlliaceae, the family

Themidaceae, which is end. mi. to North \nieiica.

is inserted, although tin- In.- topology is not sup-

ported by bootstrap values. More dislanlb related

to Hyacinthaceae are members of the Australian

families l.oinandiaceae, I )orv anlhaceae, Blandfor-

diaceae. members of the \siaii family llemerocal-

lidaceae. .ind of the Vfrican. South American, and

l.aiiiasi.in family Amai vllidaceae. Inleies: itiglv.

///I. and Iml <c*\\n nee dal I Ulai:df:n< I i

and Doryanthaceae (100%) in close association

(Fig. 2). More distantly related are other asparagoid

Lilianae like the Laurasian family Convallariaceae,

and the North American Nolinacea. \ possible re-

lationship to Alliaceae could not be evaluated since

their se(|iiences are too divergent due to extensive

deletions and rearrangements in the lni\. and iniY

region (data not considered here).

Phylogenetic analysis of about 5.'i genera i

cinthaceae and 21 outgroup genera (iiieludu

lassia and C.hhtragalum) provides addition.!

this controversial plant family.

Scilla clade. Our data strongly support a nar

low concept of the genus Scilla, as already .video

from karyological and morphological data (Speta

1979, 1986, 1987, 1998a, b). According to our se-

quence data, the only true Scilla species are forme

in the European and Southwest Asian Mediterra-

nean region, and no direct relatives r \is| in \lrie.

south of the Sahara (Speta, 1998a). Inclusion of se-

quence data ol tin • Id and ^

m-rrnsa Burch. in a recently published study oi





ill- \1.,: clad. ,,! .1,,.

to S, ilia -en-u -Ohio .in ' ilx > i,

i im < M. , ', •,,'.-, i\\ il.h *-p.
i mii >

l*i li - iii -p. . iiy.-K iS|»f-

ta, 1998a). Although Chionodoxa can be easily dis-

m [ i"!:i > . due Id the basal i i j —
.

i * *r i ol

the tepal- .mil a broadening of the lllamctlts. these

deal characters are overestimated as use-

fill ph\ logel c'lr lii.il knv Ili-t.-.lil. Ill | » 1 • > og< 'n-li'

i lions this character appears to be para-

t -:i\ I. ii< .iikI seems to lia\c evolved in several lines

within the fat ill M ' Mh-dma s| -s

can give use to hybrids when crossed with mem-

bers of the Scilla hifolia L. complex. It has been

proposed to in. It J. I i ii
N

. .1

s. /•/ ;><•<;„ -iu:il,;t U. (,<:,,•:'<„:,>>,; in It bit. e\ idci »U

has other affinities (Speta, 1971, 1976). DNA se-

quence data place Puschkinia in a clade with Hy-

,; ,'>//(,'/'/ /';,.,/!, ... Iittu>,alh\. I'jf\s< na. //,..-,<»

osia, and Fessia. « learb dil'

the Scilla relationship (95%) (Fig. 1). However, the

I I i i
-

1 , I I hit: die ,S il/a clade is not

very strong. Bran I I
, _

.

it'l c . . If. I

steps in this (lade (Fig. 3). The two accessions of

S. cydtmia Speta even have exactly the same DNA
sequence-, although lhe\ are collected from geo-

graphically distant regions iGrete and Karpathos).

Re-examination of this relali.

molecular data sets could increase the resolution in

this clade.

The genus Muscari is monophyletic and repre-

sents an example ol how in I Ivacinthaceac even

karyotype differences can be overestimated <.r

bari & Greuter, 1970). Monophyly in this clade

. ..iii.! >ii| port (lie idea ol a broader genu.- concept

in Muscari (Speta, 1982, 1989) instead of dividing

tins genu- uit . l!
1'

"

in

Musi at lima, represented in ouranabsis b\ \hiscan

holnoides (L.) Mill., M. comosum (L.) Mill., and M.

macrocarpum Sweet, respectively (Fig. 1). Whereas

Garbari recognized these genera as distinct from

each other due to karyotypic differences, Speta

(1982, 1989), Bentzer (1973), and Davis and Stuart

i

'

' '

i . harai lei expression be-

tween different species and therefore suggested

they be treated only as subgenera.

F< vs.-,/ . lade. Similarities in the karyotypes ol

15m i-li.| and

i
II

|

i. - iloc ul> - with

two ovules side b\ side, terete scape, dense raeeinel

have led to the speculation ol a clo-er relation-hip

(Speta, 1981). However. Persson and Wendelbo

(1982) supported the view that the similarity in the

karyotypes is probablv only secondary, constituting

a case of convergent evolution within the Scilla sen-

>ii lalo lineage a- well as the lineage to present

/ -p.. i.- Iii ..in anals-i-. Ihacinthclla

clearly belongs to the (lade Fcssia-Zagrosia-lly-

acinthus-Pfosseria-Othocallis-Puschkinia Pros

pcro (95%),' and not to the Scilla relationship (Fig.

I I. However, the relative position of II.,, ;/..

within llus .lade is not stable due to a basal po-

lytomy in this group (Fig. 3). Unfortunately, Alra-

wia, a genus that could show affinities to lhacin

ihclla and therefore could -lied light on this

relationship, was not available for this study flu

K IS sequences of the two 1 1 \acilll lie/ la species con-

lain a characteristic 5 bp deletion, which the\ -hare

with < i/iioeoideae, Ornithogaloideae. the African

genera Eucomis, Veltheimiu, and the L,< hcnalia/

Palwcna clade: this may suggest the molil repre-

sent- an ancient clement. The existence ol 'ancient

elements in DNA sequences of species belonging

to different groups sometimes results in weakly

supported tree topologies. This is also the case with

the position of Hracinthella, which in some trees

i i a different position within this clade (data

not shown). Mlhoiigh the habit of problematic Pu-

schkinia closely resembles that of Scilla hifolia,

phvlogenelie reconstructions position ii dearly <|i-

1 in* t from Scilla sciisu strict... \dditionally, a suite

of morphologic d characters also death separale-

Puschkinia from Scilla. The- corolla and corona, the

/•cvs/,/ like ov.uv. seeds with a sarcolcsla. bulbs

- 10) are all characters discriminating Puschkinia

Irnm Scilla. \ similar clu omosomc iinmbei in Acs

sia \2n = 10) suggests a possible relationship, but

Greilhuber and Speta (1976) demonstrated kuryo-

logical differences. A (loser relationship with Mus-

cari (Wunderlich, 1937) is refuted by our DNAse-

quence data. In Fessia, two species complexes have

been proposed: (1) the S. hohenacken group and (L'l

the S. hisatunensis relationship (Speta. I

(
>b' I I. Sev-

I above the branches. S.iblamilial and irilial limits -eilsu Speta (1998a.

I border. Nodes strongly siipporled by the jaekknife algoritlim (node score O.O.'i) arc i in I

1 circles. Open circles iiidieale node.- that arc ucakh siipporled (node score > 0.5 hut < <).<>3).

Bootstrap percentages
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cnil character anomalies exist such as hvpogeoiis

ci»t\ Ir.lons in /-. K n-ilhiil»-n (Speta) Spcla lint «|»i-

geous ones in all olhei species c\;iiiiiii('(l. or a kar-

yotype in F gor^aniea (Spetal Speta of 2n = 18

rather than the typical 'In = 10: these warrant fur-

ther research iti this clade. The close nesting ..(

Zagrosia and Hyacinthiis is parlit iilarb iiiicxp.cl

ed. DNA sequence data of two other Ihm uilhn-.

species, //. lituitumii K. Czern. and //. ttanseaspi

cm Litw. from Tiitkin. mhLiii ami northeast Iran, re-

spectively, could address the position of Hyacinthiis

in this clade. Similarities in the karyotypes of Zu
iiniMii and Belleealio (huge chromosomes; x = 4;

Speta, 1974, 1981: 169) surest a possible rela-

tionship. I. ul no indication of such emerges Iroin

the molecular data. The strong s, palatini) of Oil,

oeallis and Srill.i scn-ii stnclo is somewhat sur-

prising, indicating th;it morphological and karyo-

logieal differences may have been underestimated

so far.

Hyacinthoides elude. Morphological and kar\-

ologi, al e\ideuce do not support a relationship be-

tween \utnnoe and Ihaemthoides as suggested by

their close associiilion in the eladogram |li-> I.

.'{). Mlhoiigh combined in ;i separate branch in the

molecular aualvsi.s. 1 li. -r «- is n<> bootstrap support lor

a possible direct relationship (big. I ). Basal to this

clade is a (luster with Brimeura, Oncostema. and

Tun tenia, a relationship already suggested on mor-

phological and kiiiAological ginumb i>pela. I'>87).

W\h( Uj 'i bootstrap support lor tins idalioiislnp is

not \cr\ high, closei affinity Is llkcb. -nice trees

otislrin led from iimlk sei|iiences directly connect

Brimeura with Tractema (Pfosser, unpublished

data). Tree lopolog\ .barb corroborates the divi-

sion of Hyacinthoides into subgenera Somera and

Hyucinthoides, a position not shared by Ortiz and

Rodrfguez-Oubifia (1996).

As in Hyacinthella, Barnurdia, the most basal

member of llvacmthoideae. also contains sequence

elements shared In dillci.nl group, like l,i. hen, i

liu. I'nh \eno. and Dipcadi, again indicating an an

(i.nl origin tor Barnurdia. Kvidence relating Bar-

nardia to Prospero Speta (1986, 1993) is based on

the d\sp|(,ld scries of fill olilo-ome numbers (Bios

pero, x — 4, 5, 6. 7. and Barnardia, x = 8, 9), and

that both are autumn-flowering genera with similar

habit. This relationship is not supported by the mo-

lecular data.

Massonieae clade. All South Aiiican geneia

(luster together in tribe Massonieae. This is sur-

prising since they appear morphologically helero-
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ORNITHOGALOIDEAE

URGINEOIDEAE

• OZIROEOIDEAE

OUTGROUP

Figure 3. Phylogram s

gCHCOils nil. II iill-1. i'-'MIL- ! '"oil's |. '','/,. .'",,»

ii 1 I ilia. It would be

inieresiiii.! to itiori" ifiorou^lih iii\r-.-.l iiah 'lie i/'ii

era Lachenalia and Polyxena. Lachenalia with al-

most 100 species was split into several genera by

Salisbury (1866). Although only three species were

mnlvz.il U\ u>. iim Jal.i al loasl suggest that lli.-M-

might hi- enough vaualulih lo warrant fi;rlh< ( split

ting of this genus. If the gen. tic status of Palyxrna

II,. Ih ,l<.| ,||. /.,.'>,..„/..; /,,,/,, ..'.;, ",mv \\ I lia-k.

and the L. abides (L. f.) Engl./L. /rctfida Aiton re-

lion>li ps. In contrast to our evidence foi .lose

I i hip between Iah lien, ilia ami Polwma.

Muller-Doblies and Muller-Doblies (1997) placed

these two genera in the dillerenl siibtnl.es l.ach-

enahinae and M. ; --oiiiiiue. respectively. In their

'hcimia belong to

the subtribe Lachenaliinae, whereas \\ I.

genci i. heloi '
1 niiiuae. \ close

- I ill.- i-l i| I • \ l> : • . a I l> • •
^

subtribe Ledebouriinae sensu U. & I). Miillc-Dnb-

lies| is supported by our molecular data (l<><)',
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bootstrap support in Fig. 1). However, Resnova,

thud genus in hid. -.| ii I,
!

. I miriinae, was n

i\;:il ! I . I
(

• lot sequent Ulg, I Ion 1,1! His" g. nel i . <a

hinalinns «! jcssii|. |
|'>7r>) within Massomeae :i

parallel. d In n oleciil n slain •villains to he see

-p. i lb -'.s • /'.•/;. u na anil Lavhenalia are

i-losi neighborhood a: olll atl llssl-. Ihll.'lf I, Ml. I

.!i,",i;>l;>ni. and \nijii>is!},l)on -h ae nam . h na. t<-

:

; Wh leheadia and therefore would no doubt ii

serl ill the same hraneli. I limeser. llieii tali-, ulna

positions as < 1 1 - 1

1

• . I l ii i i di i
I ! pi.ilubls be re-

.•\aliia-ea - n.-. \ u :m> pnan n . ail features of co-

rolla unl 111. am u<- nadil haw hern i s- n ~luual> d

so far. Sledi.'
I

\n<)\',\ pub islied a si ids e\: n i uil

|.<- i.dalioi. ships el -al .-Sihai an \ilhi -enstl lato

species, which revealed a close relationship be-

i i I ' An t. a'- tht hi -

neric statu- i>f other irienil i of ,S ilia si nsii lato

was not resolved. Inclusion of her DNA sequence

data in on i in d -i- 1 i
I < aa mstrated a close

i. dalion-l i;: ol tin S urh M'tii an species to ]rde-

h, .i.;>,: md /A,-//,'(/,/v,', but I., ilhtuts In I In- Med-

Less clear are the generic relationships within

the two major hi u i
- n-i-im if lln- -id in

i. - I 'fund ogahadt ie and I igmeaid •

Ornilhngaloideae clade. The old Linnaean ge-

nus Orimhogahnii. a h<-!ei ngcne. - assemblage ol

numemi.s spe. a, s. lepre-ei '.-, a ! ig ia\nn..mi. :aob

ural genera. Tin-

ly inflate the analysis, since taxon sampling in

Ihmfhogal id. h « ess ,„np| |, than in Hyacin-

thoideae. Nevertheless, the HO species investigated

in tins -linb 1 a moi i.pl I I

»

"

hoofsli-;ip >appca! Ill 1" a ' I- I II - lllplll y -I o ih!

be further increased as soon as a clearer view of

tins large a,, mis is availabh One distincl b- n. h.

. imbiini i V. ;-',/•'.>./. v and ],">,,, a otn Svi'l //.;-

, in. I inn ssilli tin ii -I oi

the -ii I ! inly are visible (Fig. 1). In the phylogram,

i pob I iiks i- indicali d v. illi 'li-->. lliree (lades aris-

ing from a single node (Fig. 4). Within Ornithoga-

ainl Kiioknni«» Iroiii South Mi;, a ippear as basal

..•i« ia. v.hili lie- -j< ntaiUp. O • ",'•« a i! •••
1

>

ciipies a ratlu i tised >sii >i f ig. 1 1. Based on

I >\ \ >.-(|u. nee daia, a propos. d ivia! m.ahip b<-

tween the Orm < (alum lacq.

group [= Stella
|

aid "

Beryllis [= Loncomelos] (Baker, 1873) can be clear-

ly refuted. The h - pct-ie- is in close

vicinity to \lhw a and belong- In .Ve//,,,;,,,.^ l)n r

mallv in. hid' I ii d. i
<>:!.', -::l'inu a closer re-

lalion-hip :>l da- germ- with !/'V'<a/ was uoliced lis

Obermesta (1978). Once again, only a few indica-

tions of a direct relationship between Mediterra-

nean and South African genera arc n- .a bit-

Similar to the Scilla clade, only short branches sep-

a a '

'
i . ii Ii oth, i \gaui.

molecular data sets with higher variability could

pn b J. s in' -re i-i -lie -t----l ilion <-, id in I i- ' ', mil:

altar. > 1 liimiia A .and I nil -i qu.aice

data of the Orn- ' • >< ,;, mini Ten. sensu

lato relationship does suggest that sequence sana-

tion in this region may suffice to describe different

i ph il rai . - as flies occur in ihe \egean re-

gion (Plosser. unpublished data).

Urgineoideae clade. Obscure relationships sim-

ilar to those in Ornithogaloideae also exist in the

large subfamily Urgineoideae, with Boicici presid-

ing a historic example. Takhtajan (1997) ques-

tioned il- position in llsacinlhaei it concluding

that this genus probabb -hould be i

where else. However, :

ure 1 that Bowiea ha>

Urgineoideae after mispla<

ideae-Eriosperminae (Engler, 1887) and in Lili-

aceae Bosvieae (lliilchiii-on. 1
( )34). Even more

problematic is the taxonomic history ol Me. hi. na

nean squill. This old medicinal plant was first tn-at-

ed as Scilla mantima (Linnaeus, 1753), then as

I a.,",,' n, ,•,'1,'-,, ,^jtt.M |N> mil. il l.'.'-l) lalei

separated from (iginea as S</nilla tSteinheil.

1836). It has even been included in Drimia (Jessop,

1977; Steam, 1978; Stedje, 1987). Both Speta

(1998a) and Steinheil (1836) were convinced of an

lent status of the Urginea mariliina rela-

tionship,, which consequently led to the inlro.hu-

tion of the genus Charybdis (Speta, 1998a). In Fig-

ure 1, the Mediterranean squills are at least in the

vicinity of a true member of Urginea (('. undnlnta

(Desf.) Steinh.). The number of species investigated

in this clade is not sufficient to lead to an adequate

description of this subfamily; however, the re-nits

thus obtained do provide valuable anchor points i.u

additional sampling.

Ozir/ieoideae elude. The last subfamily in Ily-

ae contains the South Ainerii an genus

Oziroe[= Fortunalia] and occupies an isolated bas-

al position in llsaeinlhaceae- This indicates an an-

cient split between Old World and New World taxa,

resulting in two independent evolutionary lineage-.

If there are direct relatives to Oziroe existing some-

where in \ fric a, they remain to be found.

Outgroup. Enough evidence has accumulated

to demonstrate that the North American genera Ca-

ii, a^,. i and ( /'/."- v , //*,.'." .m in- loiitmi be included

in Hyacinthaceae (Figs. 2, 5). Our trnL and trnF

sequence data, rbch sequence data (Fay vK Uhase.



I

( >«)<>; Chase el al., l«W.
r
)). as well as serological

data (Cupov & Kutjavina, 1981), all point to a re-

lationship dI these genera to Agavaceae. Funki-

aceae, and Anthericaceae and not to llva. mlha-

ccac. beoogiii/iiig these geneia ,i> a separate family

( lamassiaceae as pioposed li\ ( aipov I I '

>'
» I I -In i.ld

await evaluation oi all available data. For now we

concur, since this proposal oilers the most appro-

priate peispeclive on these genera. At least Hosta,

Carnassia, and Chlorogalum share a hiumdal kai-

\ot\pe l\pical lor \gavaceae. However. \gavaocac

represent a paiaphvleti. assemblage in their pres-

iuggested hy nuclear ITS

data (Bogler & Simpson, 1996). Recently,

I rbcL data has accumulated and

aluated. major rearrange-

ments among the l.iliaceae -ensii lalo. Aiilheiiea-

tempted. Kubitzki (1998) tried to incorporate

in volume III oi his /Vie I'nniiiirs and l.eneia .</

Vascular Plants. Chase el al. (1996) previously not-

ed lh.it \mar\llidaeeae. \ 1 1 iaeeae. and Lomandra-

ceae are probably sistei lamilies to Hva. iiilha. . -ae.

Moieovei. 'rheliudaecac have heell shown to he in

close vicinity to the Hvacinlhaeeae (Fay v\ Chase.

\'>*U),. ,i view supported also from lm\. and ImF
data I big. 2). Sim e the position of Chlorogalum and

Carnassia also had to he investigated, we included

a few less well-known potential relatives in our

analysis. Somewhat siupiisuig in oui anahsis i- the

position of lh<- lanulv \mar\lli.lac.\ie. which is sis-

ter to a elade combining //eme/o. allis and DmMin-

ifies and Blandfordia. Since an allmitv of Dorvau-

thaceac to Phot imaceae was suggcsled (Dahlg:. « I

al., 1985), and the Hemerocallidaceae were re-

cently coalesced with Phoriniaceae and are no lon-

ger moiiogeiierii iClillord el al.. I

1 ''';;), tin- elade

hecomes more understandable. Although bound by

relativeb lung branches (big >). Dmsmithes and

Blandfordia, both monotypic for their respective

families (Dahlgivn et al.. ]'».">.">!. combine in one

elade
|

100'';
1 1st rap support in Fig. 2). Adjacent

to this .lade. Arthropodium, Tliysanotus. and Fn\

tn-plius also combine (100% bootstrap support in

I'lg. 2). Support lot this collies horn fix I sc.|l|cnce

data (Chase et al., 1996; Conran, 1998b), with

these species combined under Lomandraceae.

Deep branching points ol all subfamilies except

Hyacinthoideae are ehaiaclen/ed b\ long hiatiel „
-

of 21 steps (Ornithogaloideae), 17 steps |1 rgm. .>-

ideae), and 20 steps (Oziroeoideae), indicating a

high nuillbel ol nucleotide < hang.es belole s|„-, la-

tion within the subfamilies occurred (Fig. 4). This

could eilhei suggest that die nucleotide substitution

rate in lliis faitii l\ was higher during a primary ra-

dial >n thai: subs. <|ia al m:« s. ci lli it >u pin . la, s

occurred because of e\linetioii events, or that pri-

mary radiation occurred slowly. The presence of a

few is. Til,-. | geneia like Biinn-uia. liarnardia, Mer-

willa, and Bouiea at basal positions in some sub

families, however, could suggest extinction events.

If other basal genera still exist, then they probably

.vi 1 be louud among the Urgineoideae or Ornitho-

galoideae in South \ln. a ot Madagascar.

Most genera in this analysis grouping together

also show a sviupatiic occurrence. While true for

llvac inlheae or Massoineae in general, Galtonia

and /.//, madia from eastern South Africa are also

sympatric (Obermeyer, 1978; Hilliard & Burtt,

1988), as arc Tractemn, Oncostema, Brimeura, and

I in I

1

• it \b lilerraneaii. as

well as outgroup genera like lilamltmdia and Dm
vanlhcs. Similarly, that molecular data relic. I sym-

patric relationships was aheadv noted for Crinuni

species (Fangan & Nordal, 1993). This in turn sug-

gests ili.it environmental influences leading l>> con-

vergent evolution or reversals ol morphological

characters alter species migration should be cau-

tioiislv re-exainincd wilh respect to svstematic re-

search. To addles-, this, it would be necessary to

evaluate morphol.. gual characters thai are not or

constraints. It is slill not clear if molecular data.

especially nniieoding I>\\ legions, an- absolutely

free of biases resulting

which could inflate the signific

beceiillv. il has been shown t

DNA, free of functional constraints, still can show

convergent evolution due to specific sequence mo-

tifs, which can lead to preferred sites of imitations

(Morton, 1995). It should also be noted that the

allv occupied bv geiieia containing nurrieious spe-

cies (Fessia, Seilla, Hvadnlhoides, DrimiopsLs and

Ledebouria, Ornithogalum, Dipcadi, Charybdis), in-

dicating a process ot active evolution. Conversely,

basal positions of clades usually contain genera

with only a few species in relic areas like Bouiea

in southern and eastern Mma. Galtonia and Za-

hariailia m eastern South \ln. a. I'm

in western South Ah n a. Manilla in South Africa,

Chouardia in the Dalmatian region, Nectaroscilla in

the eastern Mediterranean, and Brimeura in the

western Mediterranean. I \. .plions to this trend

are: (1) the large genus Laclwnalia, with a rather

confined radiation smith ol the Sah.ua: and \2) Bat

inirdia. a basal genus with a huge disjunct distri-

\sia. \lli in ih I in I . . i. W( d is the
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• ink extant ^I'lins of ;i largely c\l iiict clade. as in-

dicated bv its i— • •
1 1 1< 1 1 ha-al po-Hion in -i;|.| ,inil-.

Hyacinthoideae.

Involvement of species from South Africa, South

\meii. a. and Madagas. at iii the has: 1 bran, lung-

iil sul>lai:ul('-s and h ;|« - i- n d : li\c ol southern.

i ,oml\\ i ii . r . u .

ii r i: ol ill. [I s an iilhaceae. Direct mi-

gration l.clween South America, Africa, Madagas-

car, and India was possible until the mid Creta-

ceous (ca. 100 m.y. BP). Similar radiation patterns

are known elsewhere, such as fossil evidence for

sauropods in lis* I pp. i ( o laceo'.is oi Madagas. ai

wi Ii tin „• m.- /.-> ..'.••»
,

<• . •
i i t I n I idi i i

J

Madagas. at. as well as South Amen, a (Charm.

1973). Since there is no evident relationship of

North \iiiimi.ii ' I, •'. >;,><: .,''»//, and l,i<>,,. • ,'< -p.

or initiation to .! Ii. i. ai « <a I i , als perhaps did not

start bohne I . itasia and! I iondw arinland wore sep-

arated in early ( acta, cons. A I this time. South

America was still connected to Africa, but no land

bridge existed between South and North America.

Species disliihuiion uitliin M issnnieae in Africa

only south of the Sahara, and in the Indian -uh-

ennliMi I {!>,•„,• !)'<•", '•
1 l i • -I

that di\ei-itu alion or. aired >•. art: India was still

connected to soi h< . \ only via species

imu.ilion l< rntde-h \ln« i n 1 I'liia-ia. fhcdi —
i « p ittern ol members ol the tribe ll\a< m-

theae in the Mediterranean region and in Kurasia.

but not in North \ . i

cation in this tribe began later, when North Amer-

ica was already clearly separated from Eurasia. The

appcaraiu e o| linimu dm at the mast h, - I p. > ili.<

of II uiihi i ilcs an early origin of evolu-

tion lor this lienus. making it a candidal)- tor lir-l

i i \l.di n moii It- ( (in-

Imeiilal distribution lioni run t h Mr ica to east Asia,

old taxon. This would explain why no members ol

the 11. a« nthaceae are found in North America, al-

though elunatic conditions an suitable. An unre-

lated ori

disjunction between the Ca

North America, and monotypic ()zin>< ; in Chile.

-I ai nl\. the paradox of range disjunction be-

tween Alliaceae and Brodiaeae in North America,

yet the rest of the Alliaceae being mainly South

American, was recently elm ida'rd by the phy lo

genetic positioni ipart from Alli-

aceae. To retain a monophyletic Alliaceae. the fam-

ily Themidaceae was resurrected for this tribe (Fay

cv ("base. l
n <)(>). I'ai the entire ordci \spaiagalcs.

W.'sl (.omlwanalaiid most likely was the primary

site of evolution. Family mei

delaceac and Phoimiaeeae seem to hay.' reached

Australasia early, whereas elements related to \s-

paragaceae, Asphodelaeeae. ami Amaryllidaceae-

II llidaceac suggest old connections be-

tween Africa and South Vmerica. The \ga\accae

alliance of subhuinid and arid regions of North

America presumably represent an ancient Laura-

sian group (Raven & Axelrod, 1974). Similar in-

terfamilial relationships have already been pro-

posed by Fay and Chase (1996). The Alliaceae

a lian.-,-.
-

<v hi. a u i.n -Imb -hows allinilies to

\i .
f II la. eac. has been excluded in our analysis

since th.u sequences are too divergent due to mas-

sive deletions and rearrangements in the IrnL and

ImV regions: their inclusion would have inllaled the

fihyloLicneiic signal in the calculations (data not

For no plant family is it more true than for Hy-

aeinthaeeae that the interpretation ol siml. mor-

phological characters resulted in highly erratic

classifications when delineating tribal and subfam-

ilial relationships. No character, horn bulb mor-

phology in pistils or seeds, or even katyologi.al

data, has proved to be reliable. Therefore, it was

necessary to ass. nbl 1 i il I 1. i n .hoi i

pioper classification. Four subfamilies were best

distinguished by their secondary metabolites and

by the presence or absence of nuclear protein crys-

tals. Assessment of relationships based on molec-

ular data offers the considerable advantage that a

priori biases of relative character yalue are largely

avoided. Comparing groups at generic and higher

hierarchical levels as classified by Speta (1998a, b)

with cladistic analysis of molecular data was clearly

warranted. It was more than a surprise when se-

quence data continued not onlv the higher-level

classification but also most generic groupings « In-

side ol S illcie. only Bowiea and Schu I d

lo be included in I I v acini liaceac. and exclusion of

. d

family I h acinlhai eac The I |y acinlhaceae «>bv i.

ly represent the final products of a lineage sho\

affinities to Themidaceae, Anthericaceae,

Amaryllidaceae. This cladistic analysis result

significant progress in the splitting of the Linm

genera Scilla and Hyacinthus into more horn,

neous genera. Ornithogalum and some comph

within Urgineoideae still await furthei

:cs »l ilion. 1 1 i * i ii tin v.v .let nlai d I

here serve as valuable starling points |.

tifying «
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